Abstract. Ribulose (10, 17, 18) . Ribulose diphosphate carboxylase is considered to be localized entirely in the chloroplasts (6). Lyttleton (9) showed that in dark grown wheat leaves the relative amount of fraction I protein increased 3-fold during 20 hr of illumination.
The increase in protein content, when dark-grown leaves are illuminated, has been studied by De Deken Grenson (4) in Chicory andl by Mego and Jagendorf (13) in Phlascolius vulfgaris. During illumination in Chicory the protein content of whole leaves increased by 60 % while that of plastids increased by 210 %. In Plhaseolus zvlgaris plastids the protein content increased by 110 % during illumination. Wildman and Bonner (19) have shown that more than 50% of the soluble leaf proteins constitute an electrophoretically homogenous protein designated as fraction I protein. The photosynthetic CO2 fixing enzyme in these plants is thought to be ribulose diphosphate carboxylase (carboxydismutase) and this appears to be identical with fraction I protein (10, 17, 18) . Ribulose diphosphate carboxylase is considered to be localized entirely in the chloroplasts (6) . Lyttleton (9) showed that in dark grown wheat leaves the relative amount of fraction I protein increased 3-fold during 20 hr of illumination.
Biggins and Park (2) observed differences in the light and dark fixation of CO2 of barley during greening after a net increase in chlorophyll content of the leaves was detected. The Hill reaction activity of greening barley leaves is closely related to their chlorophyll content (15) . Thus Gel Filtration. This was performed with Sephadex G-100, which was swollen at 40 with 1 % (w/v) NaCl buffered with 0.025 M tris-HCl at pH 7.5 and allowed to stand for 7 to 8 days in the cold to achieve maximum equilibration. A K 25/45 Sephadex laboratory column (Pharmacia Ltd) was packed with swollen Sephadex and was stabilized by running Ehe eluting medium through the column for 2 days. The composition of the eluting medium was the same as that used for swelling Sephadex The labeled phosphoglyceric acid left behind on the filter paper was counted in a Beckmann Scintillation System using 10 ml of scintillation fluid. All assays were performed in duplicate and the reproducibility was better than ± 0.1 %. The composition of the scintillation fluid was: 2,5-diphenylo,xazol (PPO) 4 g, 1,4-bis [2-(4-methyl 5-phenyloxazolyl)] benzene (POPOP) 200 mg; napthalene 60 g; ethylene glycol 20 ml; methanol 100 ml; dioxane 800 ml.
Results
Fig. la shows a typical UV absorption pattern of eluates from a Sephadex G-100 column of soluble protein extracts from barley leaves. The first peak comprises of protein corresponding to a molecular weight of about 400,000 and is referred to as fraction I protein. Ribulose diphosphate car,boxylase (carboxydismutase) activity was found exclusively associated with this peak (Fig. lb) . The fractions in the second peak included various low molecular weight proteins and are referred to as fraction II proteins. There was no trichloroacetic acid precipitable materiial in the fractions comprising the third peak. Preliminary analyses indicated that polyphenolic compounds are responsible for UV absorption in this peak.
When the soluble proteins of dark grown barley leaves of various ages and at different stages of illumination were analyzed by gel filtration, changes were observed in the size and shape of the peaks. -A-9 day; -A-11 day. tically the same at all points tested (table I) . This suggests that the major part of the protein comprising the fraction I peak possesses ribulose diphosphate carboxylase activity and that the changes indicated in Fig. 1 and 2 involve a synthesis of this protein.
The fraction I protein content and the ribulose diphosphate carboxylase activity in 7 day dark grown leaves at various stages of illumination with 2 ft-c is given in Fig. 4 . It is of interest to note that under dim light conditions both fraction I protein content and ribulose diphosphate carboxylase activity show an increase during the first 4 hr of exposure followed by a decline lasting from the fourth to the eighth hr of illumination. A new increase of enzymic activity and fraction I protein content occurs between 8 and 24 hr of illumination. The rate of increase between 0 and 4 hr is similar to that between 8 and 24 hr. Because of these findings ribulose diphosphate carboxylase activity during early greening stages under high light intensity (320 ft-c) was reinvestigated. Measurements of the activity during the first 90 min of illumination revealed a similar pattern as found in the dim light experiment (Fig. 5) .
Ribulose diphosphate carboxylase activity in the soluble protein fraction of the leaf increased rapidly during the first 15 min of illumination with 320 ft-c. This was followed by a decrease in the next 30 min and a new rise in the enzymic activity on further illumination of leaves. The soluble protein extracts from leaves illuminated for 45 min contain less ribulose diphosphate carboxylase than that from non-illuminated leaves.
Fraction I protein could be either synthesized from amino acids or assembled from preexisting low molecular weight proteins. The changes in the content of water soluble low molecular weight proteins during chloroplast development with 320 ft-c are shown in Fig. 6 . An increase in the quantity of fraction II proteins was observed in barley leaves growing in the dark up to an age of 9 days. Five and 7 day dark grown plants accumulated fraction II proteins after the onset of illumination, while 9 and 11 day dark grown plants had a lag period of 2 and 12 hr respectively before an increase was observed. The amount of low molecular weight proteins accumulated in dark grown barley leaves upon illumination exceeds that of fraction I protein. It can therefore not be decided from the data presented whether fraction I protein is assembled or synthesized de novo.
Discussion
The continuous synthesis of ribulose diphosphate carboxylase during dark growth of primary leaves of barley seedlings as found in this study is in agreement with earlier reports on the presence of the enzyme in dark grown bean, and wheat leaves (3, 1) . Upon illumination synthesis of this enzyme takes place (3, 11, 12) and this synthesis can be inhibited by chloramphenicol ' (3, 5, 11, 12) . Dark grown leaves are incapable of fixing 14CO, into glycerate 3-P (2, 16) suggesting that ribulose diphosphate does not perform its enzymic function inside dark grown leaves. The accumulation of fraction I protein during dark growth therefore raises a question whether it is simply stored or since fraction I protein and the protein moiety of protochlorophyll holochrome are considered to be identical (17) it is involved in protochlorophyllide synthesis. At least in barley, illumination effects only an increase in the synthesis of ribulose diphosphate carboxylase which is already proceeding in the dark. After 15 min of illumination with 320 ft-c, reduction of carboxylase in the soluble protein fraction sets in, which lasts about 30 min (Fig. 5 ). This drop is shifted to a time between 4 and 8 hr, if low light intensity of 2 ft-c is used (Fig. 4) 
